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A NEW CONVERTER FOR FREQUENCY 
MEASUREMENTS TO 500 Me 


'riic introdurlinii of our lO-Mc 
romitcr, the 'rvi'i-: 1 IdO-A Time 

Mild Kn‘(|Ueii(*y Molcr,* Iim.s stimuhiled 
r(M|Ui‘sls iliat we produri* a coiupMiiioii 
iiislrume’iit to exleiid the frcijiieiiry- 
MieaMirciiieiil raiiji:(‘. Several such iu- 
siruiiicuts aln*ady exist, hut we f(‘It 
that we could eoiilrihule si^iiitieaiit 
improvements in s<Misitivity, selectivity, 
and (‘ase of us<‘. Fii^iire I shows th(‘ 
results of our elTorts, th<‘ 'rvi’K 1138-A 
I'ii*(|Uency (’oiiverter. 

'Idle i-onverti*!* h<‘terodyn(‘s an un¬ 
known input fr(‘C|Uency lietwcnai 10 and 
o(K) Me at!;ainst a 10-Mc midti[)le of a 
standard freijuiaicy, derived from tlie 
o-Mc tim(‘-hase oscillator of the couiitc*r, 
and applies th<* less-thaii-lO-Mc dilTca- 
eiH'c fr(‘(|uency to the <*ount(‘r. 'Fhe 
instrument can also amplify weak si^:nals 
hetwiM-n KMlkcand 10 Ale to opia-ate the 
counter. 

Operation of the <*onvert(‘r is simple 
and straightforward, 'fhe heterodyne 
reienaice fre<|UC‘ncv to Ik‘ added to the 
counter reading is imlicated directly hy 
large in-line iiuiiwrals. 'I’lie range of 


'll. W. Trutik. It. T. MrAliH^r. KmiiH'tir.v (’'oiiiiIit 
Witti u Mpiiiory um) Wifli Muill-tn ftVwrni/ 

Ifnitio Kj'ftrtiiHihUi\ .'I.**. Miiy CmU. 


output amplitud(‘ acceptable for the 
counter is clearly iudient(*d on tin* panc'l 
meter, and adjustment to this level is 
made hy an output control. .\n iiiimt 
siMisitivity control is also provided. 

Among th(‘ uniijue haitures of the 
instrument are the u.s<» of linear mixers; 
a tuned amplifier, which can l)e used or 
not, as needed; signal lights to indicate 
propia- control .s(*ttings; and a novel <lial 
n'adout to re<lu<*e reading errors. 

Principles of Operation 

Figure 2 is an over-all block diagram. 
For input frc*(|uencies ahov(‘ 200 .Me a 
dual-conv(‘rsion syst(*m is us(‘d; single* 
conv(‘rsion is us(*d below 2(K) .Me. Input 
signals are first pass(*d through an at- 
t<*nuator (contnilled by the* sK.vsrrivrrY 
control) and through a lOO-.Mc-wide* 
band-pa.ss filter se'h'cted by the* hun- 
dr<*d.s-refer(‘uc(‘-Fi{K(p'KxeY control. 

Input i<i(pials hrhur MX) Mr are rouii‘d 
to the 2nd mixer, either dir<*ctly or 
through the* tune*d amplifie*r. In the* 2nei 
mi.xe*!*, the input signal is Jie*te‘n»dyne'el 
again.st the* tens-refe‘rene*e* fre‘(|ue‘ne*y 
(from 10 tei 100 Me depending on the 
.se*tting e>f the* fkkqvkxcy e*emtre>ls), anel 
the be*at-fre*r|uency e)Ut])Ut e»f llie mi.xer 
is passr*d to the* viele*e» amplifie*!* whe*re it 


Figure 1. Panel view of the Type 1133-A Frequency Converter. 
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Figure 2. Over*all block diagram. A single conversion system is used below 200 Me, a double 
conversion system from 200 to 500 Me. 


is amplifiotl, niotoml, anil applicil to the 
output. The oi’TPrT control varies the 
^in of I lie vi(l(*o aniplifitw to set the 
output level. 

Input sifftinls above ^00 Me are hetero¬ 
dyned against the luindreds-refereiiee 
fre(|Ueney (200, 300 or 100 Mel in the 
1st mixer. Tlie 0- to lOO-Me heat-fre- 
(lueney output of the l.st mixer is filtered 
and then proee.<s(‘<l exactly like tin in])Ut 
signal below 2(M) Me. If the signal ap¬ 
plied to th<* 2nd mixer is below 10 Me 
(input fre(|ueneies of 0-10, 200 210. 
3(M)-310, 4()() -410 Me), the 2nd mixer is 
eonvert(‘<l into an amplifier, and tin* gain 
of the video amplifier is increased. In 
such eases the tuned amplifier is not us(‘d 
(since it doesn’t ofierate below 10 .Me). 

Linear Mixing 

.V mixer circuit u.sually operates with 
two signals applaud, a refenauM* (hieal- 
oseillator) signal and an input signal. 
The amplitude of the lu'at-freiiueney 
outtnit depends nu>re on the amplitude 
of the lower-Iev(4 .signal than on that of 
the higher-level signal. If tlu^ reference* 
.signal has the high(‘r amplitude, the 
ein*iiit will function as a linear mixer for 
the input signal. That is, the amplitude 
of the beat-fre(|ueney output will be 
proportional to the amplitude* of the* 
input signal, anel, in particular, the sig- 
nal-te>-ne»i.se ratiej of the input signal will 
lie preservenl in the output. If the input 
.signal has the higher amplituele, how- 
e‘vpr. the cire'uit will ne»t ope‘rate as a 
linear mixer fejr that signal. The .signal- 


to-noi.s<* ratie> e)f the inference will be 
pre*.serv(‘d, but the .signal-te)-ne)i.se ratie» 
of the* input .signal will be el(*graeled. 

In a h(*teroelyne freeiuency converte‘r 
either nuxing metheiei can be u.sed. Se'V- 
eral e.xi.sting converters use* the nonlinear 
metheid, sine*e this e*ase.s greatly the re*- 
(|uirement.son the purity or ^^’le'anline'.ss” 
of the hetercMlyne-referene*e-fre'e|uency 
signals. For siicce‘.s.sful me‘a.surements. 
therefore, the input signal must be rela¬ 
tively clean; anel, conse*e|U(‘ntly, tlie 
measurement of le)w-level signals in the* 
pre*se*nce of noise may be impo.s.sible'. 

Since we feel that the burden e>f .signal 
purity .sheaild be on the m(*asuring in¬ 
strument rather than on the unkimwn 
.signal, clean. high-l(*vel ref(‘rence‘ signals 
and linear mixing are used throughemt 
the Type 1133-.\ Frecjuency (’e)nv(‘rter. 
.Vs a result, the instrument can be used 
under an unu.sually wid(* variety of 
m(‘a.surement condit ions. 

Tuned Amplifier 

To increase the sensitivity of tlu* 
instrument and to reduce further the 
elTeets rif noise and extraneous .signal.s, 
a tuned amplifier can be switched into 
the mea.suring sy.stem. With input fre- 
(lueneies from 10 to otK) Me, tin* 
amplifi<*r eovei*s the range from 10 to 
200 Me. 'fhe amplifier is operated by 
two controls (see Figure 3). The tuninc; 
control switches the amplifier (1) out 
of the .system (wide B.vNn) to simplify 
operation when measuring pure, high- 
level signals, or (2) into the .system 
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(nahhow hand) to onahic na^asuroincnt 
of iiois\% loNV-lovol signals. It also 
s<*l(*(*ts oiii‘ of thf 4 coils nc<*cssai*y to 
cover the 20-to-l tuning range. The 
Tr\K control adjusts the tuning capaci- 
1(H’ of the ainplifiiT. The positions of the 
TVNiN(} control corresponding to the 
dilTerent amplifier tuning coils an* 
indicat(‘d liy lights. With the ti'NINc; 
control in the wide band position, the 
WIDE HAND indicator light will glow. 
With the Ti'NiNo control in any nakhow 
HAND position, one indicator light will 
glow, .showing the po.sition to which the 
craitrol .should he .sc*t. 4'he indicator 
light.s are contn»lled hy tlu' settings of 
the FUEQrENCY control.s. For example, 
with the FHEQrENf’Y controls s{*t t<i 331) 
Me, th(* second narrow hand imlicator 
light will glow, .showing that the 20- t() 
10-Me range of the tuned amplifuT 
should he u.s(»d. For certain positions of 
the FREgrENTY controls (00, 200, 3(K). 
I(K)) the WIDE BAND indicator light will 
remain on when the ti'NINi; cmitrol is 
m(»ved, indicating that the tuned ampli¬ 
fier cannot lx* u.sed. For these* po.sitions. 
as mentioiKMl above, the gain of the 
output amplifier is increa.s(*d .so that no 
loss in .sensitivity occui*s. 

In addition to increasing the* s(*nsi- 
tivity of the iu.strum<*nt because of its 
gain, the* IuikhI amplifier also pre>vi(h*s 
selectivity to guard again.st noi.se and 
extraneous signals which may exist 
within the i:10-Mc conversion hand. 
Figure 4 .sh«>ws a typical plot of th<‘ 
bandwidth versus fr<M|iiency of the tuned 
amplifier. 

'Die s<*n.sitivity figim*s listed in the 
instrument .sp(»cifieations are broad, all- 
inclusive figures. Figure 5 shows a plot 


of t he .s(*n.Mlivity versus fre<|uency of a 
typical instniment for l)Oth wide band 
and NARROW band ciperation. This plot 
was taken for a bt'at-freguericy output 
nf 10.1 Me, where the s(*n.sitivity of the 
is.sociated counter is p<»orest. Therefore, 
the plot is laU4c*d “worsl-ca.sc^ .sensi¬ 
tivity.” For operation at output b(‘at 
fre(|uencies low(*r than 10.1 Me, the 
siMi.siiivity is .significantly Ix'tter. 

Readout 

Figure 0 shows a clo.s(.-up of the new 
type of dial rr*adout u.sihI on the con¬ 
verter. The naidout u.s(*s tran.sparent 
phusticdials with characterssilk-s<*rt*emKl 
on the rear. \ white aix*a on th(‘ panel 
)>ehind tla* dials efTectively “illumi¬ 
nates” the desired (‘haracters, and a 
uniform in-line indication is presented.'*' 
The r<*adout lais two main advantages; 

1) The desinMl information always 


rrailfMii imhImhI ilrviMril muiip tinir aco 1>> 
(irtifnil Hadiii «>ncin«'«’r W«rr*»n H. Kiimlert and i** 
riirmnlly iMnna in »a*Vfral nru inffniinmu. 



OJ 


)NPUT FREQUENCY IN Me 


Figura 4. Tuned«omplifl«r bandwidth versus fra* 
quancy. For input fraquancias above 200 Me, 
amplifier operates from 10 to 100 Me. 
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Figure 5. Typical over-all sensitivity of converter 
and counter for 10.1-Me counter indication. This 
is worst cose. Sensitivity is better for lower con¬ 
verter output frequencies. 

«MM*iii*s in tho same rt'Kioii on the panel, 
I(‘ss4»ninp: thi' ehanee Tor operator error, 
and 

2) Sinee tlie <lials are not liitlden l»e- 
hind tile panel, the operator ean (‘asily 
determine which way to rotate* the con¬ 
trols to increase or decrease* the* fri*- 
rpiency si*lling. 



Figure 6. New in-line digital readout. 


Over-all Versatility 

In this all-in-one-packaj^(*, wide-ranse 
converter, rugi^ed construction anti long¬ 
term r(*lial)ility are combined with a 
numlM'r of important op(*ratinji; feanires 
hijj:h s(‘nsitivity, the ability to make 
ineasurein(*nts in the pr(*s(*nce of noise, 
pttsitive identification ttf freepiency. and 
.simple* contretls —tet ])r<jdiice an instru¬ 
ment of maximum use'fulne.ss in precise 
fr(*(|uene*y me*a.surement. 

— II. Mc.Vlkkh 

CREDITS 

Tlu* (Icsi^'ii niid dcvcIopmciU of tlic Tyck 
F rc<|in*iicv (’oiivcrlcr was rarricil out 
by \y. F. byors and If. T. .McA1c<t, assisti'd 
by S. Sainour. ProKr(‘ss from enner^ptiou to 
(’oni|)l(*tion was supporlcel l)y (J. mc- 

cliaidcal dtstigti; W. Niontaxuc, dosiuru dnefeii));; 
K. II. ('l)ipmari, production (‘nKinccriiiK; an<i 
\V. P. ibiuck, test cnKin(*<*ntiK. 

— lOniTiiR 
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SPECIFICATIONS 


INPUT 

Frequency Range: UKl k<* to oUU Mc. 
Sensitivity (with the Type 1130-A counter): Pot¬ 
ter than 10 millivolts on narrow band; better 
than 100 millivolts on wide band. See Figure 5. 
Impedance: oO ohms. 

Reference Frequency Required: S Me. 0.1 volt, 
riiLs, into oO ohms (normally supplied from 
•VMe output eoniUH't.or on Tyck 1130-A). 

OUTPUT 

Frequency: 100 ke to 10 Me. 

Amplitude: t).2o volt to I volt, approximately. 
Impedance: 100 ohms, approximately. 

Noise and Harmonics: Narr()w-band operation 
provides filterinR to n‘duee noise and extraneous 


si)^n:ds. lanear mixer preserves .siKoal-lo-noise 
ratio durint( conversion proct^. 

GENERAL 

Power Input: 105 to 125 (or 210 to 250) volt.s, 
50 to tiO cf)H. tiO watts. 

Accessories Supplied: Two co:ixi:d p:iteh cords 
for ronnection to counter, one coaxial cabh* 
connwtor, om* 3-wire power cord, and -jpare 
fuses. 

Dimensions: Ih-ncli model, wifith 10. ht ight 
7'depth 17^4 inch(*s (4S5 by 100 by 450 mint, 
over-all; nick model. pan(‘l. 10 Ity 7 incln^ (4S5 
by 180 mm); depth behind panel, 14 inches 
(355 mm). 

Net Weight: 34 pounds (15.5 k^). 


Tf/pp 


Cofle I Ford 


Price 


1133-AM 

1133-AR 


U.S. Patent No. 2..i48.4.j7. 


Frequency Converter, Bench Model 
Frequency Converter, Rock Model. . 


VOVKl. 

NEWKL 


$1250.00 

1250.00 
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DIGITS CAN LIE 


A Discussion of Error Sources in Counter Measurements 


Siiicr its iiitnuiiK'tion souk* 15 or so 
years np). the eoimter, «)r dipt a I time 
and freqiieiiey mi'ter, has hrrome a 
\VKh*ly us<*d eleetronie instrument, al¬ 
most as uhi(|uitous as the vaemini-tulH* 
v<»ltmeter or the* os<*illosce»|K*. Wonth'rhd 
as this instrument seems, however, it is 
st ill e*a|)al)l<* of pnKiuein)i; wronj; answers, 
ev<*n thouj^h its eireuits may he funetion- 
in >5 |M*rfectly. HeeojEnition and uiide*!- 
standinj^ of the* soure<*s of error will 
«*nahl(' one to minimize their elTeets and 
to improve the* us(*fuln(*ss and r<‘lial)ility 
e»f eounter measurements. 

Wheai usinj; a eounter, one* should 
k(*<*p in mind the* distineti<»n lM*tw(*<*n 
pnM'isKiii and aeeuniey. Pn*eision de- 
*<erilM*s the d<‘px*<* of fineness, the h*ast 
si^nifieant fipin*s, e»f a measurc*ment; 
a<‘euraey iialieates the possible <*xtent 
of error. Fore.vample, it is epiite possible* 
(anel fairly (*ommeai) to meaisure* a time 
interN’al with a e*e)unte*r te) a precision e»f 
0.1 /ise*e*, but with an aeruracy of only 
rfcl msee*. 

'Pile* siniplilie‘el bloek eliapam of 
Fipire* 1 she»ws the five* basie- eireaiit 
bleM'ks e>f a eliptal time anel fre*e|Ue*ne*y 
me‘te*r: input eireaiits. time base*, main 
pite, pre)p*am e*e>ntn)l, anel ele*eimal 
e*ountin^ units. The input e'ireaiits pMie*r- 
ate tripjer pulses frean the* input sipial. 
For fre*ejUe‘ne*y me*asure*me*nt the*.se» trip 
p*r pulse's are (M)unte*d by the* de*eimal 
countiii)^ units during a time inte'fval 
ile*rive(l from the* time base*; fe»r time* 
measure*ment the* trij^p-r pulse*s cause* the 
main pite* to start anel stop the* flow e)f 


OeCiMAi COATM MiTS 



Figurt 1. Simplifl«d block diagram of o digital 
time and frequency meter. 


lime‘-ba.'*e* ele>e*k puls<*s inlet the* elee'imal 
ee)untin]i; units. 

The pretpam e*ontretl retute's pul.M's let 
et})e*n anel clet.se* the* main pite*, se*lee*t> the* 
pro|K'r pulse's let Im* e*e>unte*d, e-etnirols the 
elisplay, anel handle*s the* re‘s^•ttinJ^ enK*r- 
ations. 

Krretrs e*an. etf e*ourse*, oe*e-ur if any etf 
the*.se* eire*uit blete*ks malfuneti<»n. but we 
are* e*one*erne‘d here with erretrs due* to 
other e*auses. Sue*h errors oe*e'ur mainly 
in the* time*-base. pile*, and input e*ire'uits. 
Some are inhe*re‘nt in the e*e>untin^ sys¬ 
tem: <»the*rs ele*pe*nel upetn the nature etf 
the* sijjnal to be* me*asure*ei. 

INHERENT ERRORS 
Time-Base Error 

The time*-bas4* re*fe*re*nee* fe»r most 
e*etunte*rs is .*1 epiartz-eiTstal eiseillateir. 
Sueh etse*illatetrs are* e*xe*e*ptie>nally ae*eMj- 
rate* anel stable* but will still drift in 
fre‘eiuene*y with time* anel shendel be* re.se*t 
e)e*e*asieaially. Stitisfnrtnrf/ srlf-clKcf: etp/r- 
ntion of a counh r </<m s not ytohentr tin 
nrcnrticif of tlw titnr-hnsr nfirvnn fri'- 
(fUfnetj. 

One-Count Gating Error 

I^*e*atlM‘ the* nite etf the trit^ge*!* puls<*s 
that are* e*etunte‘el is nett usually syne*hret- 
netus with the* rale* e»f the pulses that are 
o|3e*ning anel e*letsing the main gate*, it is 
pe)ssible fetr a trigge*r pulse to oeeur 
simultaiK'ously with a gating pulse* anel 
not to be* e*e)Unte‘el (.se*e‘ Figure* 2). 'Phis 
le'aels te> the* .set-e*alle*el enii^-eetunt gating 
error the possibility that any partie*u- 
lar me*asure*me*nt may be* in e‘rnn* by one* 
e*etunt. 'Phe* |M*re*e*ntage* error versus fre*- 
e|Ueney, e*ause*el by the gating e*iTe>r. is 
plotte*el in Fipire* .S for various metlnMls 
etf measureme*nt. 

This ctne'-e*e>unt piling f*rror applie^s 
(tidy to a single* measure*ment. In a s4*rie*s 
etf me*asure*me*nts of the* same e|uantity 
(a typical use* of a e*emnter) the nnstrrr m 
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Figure 2. One-counf gating error. PuUes 
occurring timultoneously with the gate may 
or may not be counted. 


nvvrtujfiL Ofui ifu out-count trror ilinit- 
prurs. For fNainpIf. if tlir true vnliu* t»f 
the last tlij^it is 4 anti 5. .siy 4.5, 

tlu‘ rcmlint' will jiunp l>a(*k anti fnrtli 
IwlwtTM I and 5. Hy oltstTvinji; I lit* rnla- 
liv(* ratt* <»f nccumnict* of the two dij^ils, 
I Ilf o)K<rator c*an csiiiuatf a div;il luwond 
I Ik* last IKK* displayed. (Iin’ideiitally, it'.s 
t*:i.Nier to <lt» tliis wiili the tlK*rinoineter 
typt* of rt*a<l<»nt than with the inort' 
popular in-line n^athiut.) 


limiter and a tri^er pnist* t^(*n(*nitor. In 
most e<»imtei*s. a Sehmilt (or .similar- 
type) eirenii generates a tri^jier pulse 
when the input-si};nal voltaj^t* inen*a.st*s 
ahovt* a certain r(*lerene(‘-voltaK<* levc*! 
anil resets itsi*lf wh(*n the input volta^je 
falls Ih‘Iow another level, as illiislratetl 
in Fijxure 4. 'rite volta^;e dilTereneo lu*- 
tween the irip:j!:erin^ and re.settin^ level-s 
i> called the “hysteresis” voltage of the 
eouuter and determiiH*s the minimum 
input voltage nee(*.ss:iry to o|)4*rate the 
input eireiiits. A trigger-levt*! control to 
adju.st the ahsolute voltage of the trig- 


♦HKMSW ^ULSCS 
OCMffATCO AT 
rniK 



ERRORS CAUSED BY NOISE 

'rhen* is an additional group of errors, 
which are eaus<*d hy noisi*. Noisi*. in this 
instance*, refers to anything that eau.s<‘s 
till* input signal processetl hy the counter 
to he* other than a ])erfect .sini* wave of 
infinite signal-to-noi.se ratio. Modulat(*d 
signals, for example, may he eonsidereil 
to In* noisy signals. 

'Phe elTects of noise* de])end diri'ctly 
upon the o)><‘nktioii of tin* input circuit.s, 
wliich function hoth as an amplitude 



Figur* 3. Percantage error veriut frequency 
caused by one-count goling error. ^ 


gering and res4*tting levels is very use‘ful 
in comhatiug the elTects of noise and 
obtaining maximitm in))Ut s(*iisitivily. 

Frequency-Measurement Errors 

Frrors in fre(|Uency nK*asur(*ment can 
he eausi*d hy modulation, either ampli¬ 
tude or freipK'Ucy, or hy the existence of 
spurious signals along with the de.sired 
.signal. 

Amplitude Modulation 

If the input signal is amplitud(*-m(Mlu- 
latetl. an error may occur if the trigger¬ 
ing h‘vel is otTset as shown in Figure 5. 
With the triggering and res4*tting levels 
adjustetl symmetrically about t) v<tlts, 
howt'ver. tin* corrt'ct fre(|Uency will he 
meastired as long as tin* minimum peak- 
t(»-peak excursion of the input signal is 
greater than the hystt*r(*sis voltage. Fven 
with optimum adjustm(‘nt of the trig- 
g<*ring levi*!. Iniwever, puls<»s will Ik* lost 
if the degree of imMliilation n*<luces the 
voltage excursiiuis t(» le.ss than the hy.s- 
t<*n*sis voltage. 

Frequency Modulation 

'Pile counter is oft(*n us(*<l to mea.sure 
varitnis pro])erties of a frckpu'iicy-motlu- 
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Figure 5. E/ror caused by 
omplitude modulafion. 

latfd It can measure the avera^r 

value nf an input fre(|uency (inrinn the 
ch<»s<*n enuntinj; intenal, provided that 
I la* frei|UeiH*y rcMuains within the r(‘so- 
iution capability of the instruineiit. If 
the fre(Hieney risers above the inaxiinuin 
countin)r rate* of the instrument or falls 
below th(* ininiinum rate, pulses will be 
lost and the measurenuMit will be in 
(*rror. 

If a h(‘ter(Mlync fnaiuency (*onvi‘rtc‘r 
for hiKh-fre(|uency measurements is 
UM*d. care must Ik* taken that fre<|U4*iM\v 
^ iiHMlulation does not drive the input 
lnM|ueney down through zero iM'at with 
tin* hetercHlyiie reference fre(|Uency and 
“out the other side/’ or the count(*r 
reading will be incorrect. 

Noise 

If the desired signal is a(‘Compani<*d 
by noise sufficient to cau.s<* extra tran¬ 
sitions of the hyst(‘n*sis n*gi(m, as shown 
in Figure (*». extra counts will be r(‘gis- 
icri'd. This error can often Ik* condmttal 
by adjustment of the triggering level to 
tlie region of st(‘ejK*s1 signal slope or by 
attf*nuation of both signal and noisi*. 
Noti* that it is tin* absolute value (»f the 
iioix* voltage that is important, rather 
than tin* signal-to-noist* ratio. In a 
counter with a ().2-volt hysteresis region, 
for exami)l(‘. a lO-volt signal aecompa- 
nied by I volt of noise will not be meas- 
ure<l (M»rnM*tly. .Vttenuating tiu* input 
10:1, however, leaves a signal of I vc»lt 
with 0.1-volt noise, which will Im* meas- 
unnl with no <liffi<‘ulty. 

I'he situation de.scrilK‘<l alaive is 


• I. CMMlirr nrul I*, 8. ('hmti*nsen, **X«w MftluMl of 
.MeviiritiK I'M Oi'vitttinn UM>t« Klertrtmic (Viuntor,*' 
('ttntuiinn Klfrtrnnii'n Kniiinrerinti, July UMIS, p. 38. 


slightly oversimplilied; it is c<irrf‘cl for 
signal and nois<* frei|uen<‘ies well below 
the maximum trigg<‘ring rate. The hys¬ 
teresis voltage of most counter input 
circuits is not constant for all input iVe- 
(|U4*ncies; il dc<‘reases at fr4'(juenci4*s ap- 
pr4»nching tin* maximum trigg4‘ring rat4‘, 
even though I la* over-all .s<Misitivity iff 
tIu* 4‘ounter may 4lecr4'ase. .\ Iti-Mi* 
4*4)unt4*r, for 4*xampl4'. w ill Ih‘ more s<‘nsi- 
tiv4* to 10-.Me nois4‘ than to 1-Me iioisi’. 

Interfering Signals 

()4*4*asionally it is n4*c4*.'is:iry t4» m4*asure 
the frec|U4*ncv of a signal in the pivsemn* 
of anothi'r signal 4»f lu^arly I'ntial ampli¬ 
tude. (’ouuters hav4* b4*en s4*verely, aiul 
somewhat unjustly, criti4‘iz4Hl for b4'ing 
unabli* to niaki* this typi- 4»f nu*asur<‘- 
ment. The actual situation, however, is 
111 ft as ba4l as may bi* b4*lieve4l. 

A 4‘aptur4* elfVct ifiaairs in the input 
4•ir4•uits of a 4‘ount4‘r, similar t4i that eii- 
countereil in fm re4*eiv4'rs. Figuri* 7 
shows an exiH'rimimtal 4*urve d4\s4*ribing 
till* 4‘fT4*4‘t on a 4*ouiH4*r measur4‘ment 4)f 
two .signals togi'ther. If the friaiuency of 
till* iiiterf4*ring signal is much high4*r 
than that of tin* th'siiril signal, the 
int4*i’fereu4’4‘ b4*hav4*s like flu* type of 
noise 4l4‘S4Tib4'4l ab4iV4*. That is, if the 
|M'ak-to-peak interlerence voltage is h'ss 
than till* hysti*resis voltage of tin* 
4*ount4*r. it will caiisi* no ililliiailty. If the 
inl4*rf4*n*nce voltage is gr4*at4*r than the 
hyst4‘n*sis voltagi*, how4*ver, it may 4*aus4* 
4*rrors - 4le|M*ndiiig on tin* ratio of the 
fn*4|uenci4*s of tin* two signals ami thi'ir 
amplitudes. A.n tin* interfi'ring fr4*4|U4‘n4*y 
approaches thi* ih'siriil fr4*i|U4^n4*y, tlu* 
count4*r 4*an toli'rati* mon* int4*rf4*rf'nc4* 
amplitude lM*fore niakiiig an 4‘rror. 

1.,4‘t us coiisiiler the I’ase of an iiiti'i- 
fering fr(‘ijU4*ncy clo.si* to the desired fre- 
(|Uency as the iiiterfereiice amplituile 



Figure 6. Effects of additive noise. 
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Figure 7. Capture behavior of a counter. Counter ignores an interfering signal v»rith amplitude below the 
shaded areo. If interference amplitude exceeds shaded area, counter will measure interfering signal only. 


imT(‘as(*.s I'roiii zont. coinposilr vtilt- 
Ix'Kiiis U) \va.\ and waiu* at a rate* 
(*(|ual to tho fmcjUfiicy ami 

with an onvolopn aniplitndo (‘(pial to 
that of the int(‘rf(‘roiu*(\ 'Ha* voltaj^o 
waveform looks like an amplitude- 
modulat(*d wave, except that the phase 
of the “carrier” i.'-j also varying. Th<‘ 
averaj5(‘ fre(|uency within the im>du- 
lation envelope, f.c.. the averajse rate of 
positive* zero crossini^s, is e<|Ual to that 
of the larjj;er-amplitude, lower-freeiuency 
sijrnal. The counter will continue to 
m<‘asur(‘ the low(*r fnxiuency until the 
interf(‘rence becomes enou^fh to 

compress the* tromposite* voltaj?e ampli¬ 
tude within the hysteresis voltage limits. 
As the interferen(‘e vr)ltag;e increases 
still further, the* counter will ^ive erratic 
n‘a<linj£s until the amplitude* e>f the inter- 
fe‘ring sij^nal (*xe*e(»els that of the desirexl 
sij^nal by an ameaint eejual te) the* hy.s- 
leresis ve)lta|^e. . W that jwini and iHifoiid, 
the counUr irill rratl the hiifher frequencetj. 

'Phis lwevsip;nal l)e*havior is summa¬ 
rized in the following appre)ximat(‘ re- 
latiems: 

('ounter measures higher fre(|uency if 
1 A > 1 / -j- A; 


e*ounte‘r me‘asures leave*!* fre'(|ue'ncy if 

1 \ < / -|- KA, 

where: 

\\ = pe*ak-to-pe‘ak ampliinele* of 
liigheu* fre*ejue*ncy signal, 

1/ = |x*ak-le)-pe*ak amplitmie eif 
ieave'r freepiene'y signal, 
fk = highe*!* fre'ejuency, 
ft = le)we‘r free|uency, 

A = hy.stere*sis voltage* of counte*r, 
K = a fae'tor varying betw<‘e*n I 
anel 2. 


If licithe*r conelilieHi is satistiesl, the 
ceninte'r will give erreine'enis re*aelings. 

A ceainter, the*re*fore, has a de'gree* of 
inhe‘rent immunity teunterfe*re*ne*e*. fl the 
interfering freepie'ncy is le)we*r than the 
el(*.cire*el .signal fre*(|uency, it will be* ce>m- 
pl(*te'ly ignoreel by the e*eiunter if its 
amplituele is l(‘ss than tlie signal ampli- 
tuele by at least the hystere*sis voltage. 

.\s the interfering fre*<|uency exe*eM*ds the* 
.signal fre(|ue!ie*y, the e*f)unte‘r can te»Ie*r- 
ate le'ss ami le.ss interfere*ne.*e* amplitmie* ^ 
but, in the limit, will still igneire* inter¬ 
ference amplitudes less than the* hys- 
ter<\sis veiltage. 
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Errors in Period Measurement 

For ixtIimI inoasvtroiucnfs, trigger 
poises g(‘iiorafed from the input signal 
o|)en and close the main gate and control 
the flow of time-hasi* pulse's into the 
ilecade counters. The accuracy of such a 
measun*ment deix*nds on the lime accu¬ 
racy with which the lriggering-lev(»l 
crossing of the signal can \)0 determiiunJ. 
Krrors in thb^ determination may occur 
for sevenil reasons: the triggering-level 
crossing of the signal may vaiy' b<‘cause 
of drift, hum pickup, noise, etc., or the 
trigge‘ring level itsidf may var>' for .simi¬ 
lar reasfuis. Fij^ire 8 illustrates the effect 
of uncertainty in either signal or trigger¬ 
ing level. Th(‘se uncertainties are addi¬ 
tive and can be combined into a single 
"noise’* voltage. For sine wav(‘s trigger¬ 
ing at zero crossings, tlu’ following rc*- 
lationship applies: 

Max error in % = dr - ^ X 100 

T I , 

where \\ = pf*ak nois<* voltage. 

V', = |X‘ak signal voltage. 

Stated in other terms, the fmctioual 
error caustnl by nois4* Is alMiut one-third 
the nois(Mo-signaI ratio. For example, a 
noise voltage of 3% can proiluce an 
error of alxHit 1%. 

The effective noist* includes lK»th noi.si» 
present in the .signal and internal noise 
genenited by the (Counter. 'Fhe internally 
genenited n<»i.se de|XM>ds on the im- 
p(*dance of the .signal source anil the 
positions of the controls. For c^xample, 
measuring the pc*riod of a clean signal 
of l-volt rms amplittide from a tWKI-ohm 



Figure 8. Effecit of uncertainly in signal or 
triggering level. 


source will yield an ai’curacy of about 
0.05% on a Cleneral Radio Type 1 130-.\ 
counter, indicating an effective internal 
noise of alxait 2 mv. \ 10-i)eriods meas¬ 
urement is at least 10 times as accurate 
since the time error is compareil with a 
time inter\’al 10 times as long. 

The above rimiarks apply to noise of 
a random nature. If the noi.si* is |X'ri<Klic, 
the measunmient will di.splay a cyclic 
variation, and it is |>o.s.sible to estimate 
the mean value of the measurement with 
greater accuracy than that indicated by 
the signal-to-noisi* ratio. 

Errors in Time-Interval Measurements 

The .sourc(‘.s of error de.scribed al>ove 
apply al.so to time-int(*rval measurc‘- 
ments. 1'ime errors causiHl l)y noise on 
the start and stop signals or triggering 
levels can be ex])re.s,sed as follows: 



s 

where: T = error in .seconds, 

T'^n = pi‘ak noi.'ic voltage, 
s = slo|x* of signal in 
volts/si'cond. 

As the sloix* of the signal increa.sc*s, the 
time error caii.'xxl by noi.se decreiuses. so 
that, for brief pul.s(*s or voltage steps 
with rise time (*omparable to one |>eriiHi 
of the countetl frequenc>%*the mea.sure- 
ment error is rinluced to d:l |X'riod of 
the counterl fre(|uency dz the error of 
the time-ba.sc* rc‘ference. 

Two Rules-of-Thumb for Counter 
Measurements 

Two good rules-of-thumb to follow 
are: 

1. A steady reading is u.sually correct; 
an erratic reading incorrect. 

2. When in doubt, look at the input 
signal with an (oscilloscope. 

The purpose of this di.scus.sion has 
lx»en to acfjuaint the reader with some 
of the caust*s of error in ('ounter measurc'- 
ments, not to weaken his (’onfidence in 
.such mea.surements but, rather, to bol.ster 
that confidence through Ix'lter under¬ 
standing of the principk^s invidved. 

— II. T. .McAi.k.ek 
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CAPITOL SERVICE 

The establishment of a service labo¬ 
ratory at our Wasliiiif^ton, I). C., office 
brings to six the numi)er of such oper¬ 
ations in the U. S. and Camula. Donald 
\\*, Brown, formerly Service Supervisor 
at our New York Office, heads the new 
facility, l(H*ated at Rockville Pike at 
Wall Dxne, Rockville, Mar\dand (Tele¬ 
phone 94l»-l(*)(K)), At New York, 
Raymond J. .lones Ixicomcs Service 
Su|>er\*isor. 

All six s(*rvice offices are fully staffed 
and e(|uip|aMi for the repair, recondition¬ 
ing, and recalibration of General Radio 
instniments and for the certification of 
General Radio standards. All work jkt- 
formed by our service department is 
guaranteed for one year. Customers pre¬ 
ferring to make their own repairs will 



Donald Brown Raymond Jones 


find most replacement parts stocked at 
all six service centers. 

Customers in need of service may 
choo.se whichever of the six offices is 
most convenient. For fastest, most eco¬ 
nomical sersnee, we recommend the 
office located nearest to you. Whichever 
office you choose, you will find the 
exix'rt, courteous assistance that has 
long l>een part of the (jR tradition. 


“Bridget and Techniques for 
Impedance Measurement'* was 
the title of o seminar recently 
conducted by General Radio 
engineers at the plant of RCA 
Victor Company, Ltd., In 
Montreal. Morning lectures by 
Dr. John F. Hersh were fol¬ 
lowed by ofternoon workshop 
sessions. Porticipoting in the 
seminar were engineers from 
RCA Victor, Canadian Aviation 
Electronics, Northern Electric, 
and Canadian Marconi. The 
photo shows a workshop on 
coaxial-line measurements. 



o 




General Radio Company 

•xt«nd$ to all Experimenter readers its best wishes 
for a Happy and Prosperous 1963. 
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